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摘  要 
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的测定方法，为 PAEs 的海洋地球化学研究提供技术手段。 
 
研究论文内容分四章：第一章对国内外 PAEs 有关的研究工作进行了综述，
重点总结了海洋环境样品中 PAEs 的污染现状、来源，以及环境样品中 PAEs 测
定方法。在此基础上拟定了论文的研究内容和目标。第二章建立了海洋沉积物中
16 种 PAEs 的测定方法。通过对实验条件的优化，建立了室温下二氯甲烷恒温超
声波萃取、以硅胶为填料以及乙酸乙酯为淋洗液的固相萃取（SPE）净化、GC-MS
定性/定量测定的方法。方法的相对标准偏差除 DMP 外（为 17.8%，0.25 μg·g-1），
均小于 10%（0.25 μg·g-1）；标准加入回收率在 74.4% (DINP) ~118.1% (DUP)之间；






























With the development of technology and the extensive use of plastic products, 
phthalic acid esters (PAEs) which are extensively used in plastic materials as the 
additive are easily released into the environment and then transfer into the marine 
ecosystem by atmospheric deposition, sewage discharge and other approaches. PAEs 
participate in the recycle of marine geochemistry. Marine sediment is the integrated 
products in the marine environment. It is essential to develop an accurate method to 
detect PAEs of marine sediments. 
 
The thesis contains four chapters. The first part is a summary of the background 
information on PAEs research, including the toxicity, applications in material science, 
and the progresses of PAEs measurement. And the aim of this study was made at the 
end of this part. The second part of this work is to design a rapid and accurate 
procedure to measure 16-PAEs with solid-phase-extract (SPE) purification and gas 
chromatography-mass spectrometry (GC-MS) detection after extensively optimization 
of PAEs from sample matrices, eluting the analytes from the SPE column, and 
operating conditions for GC-MS. In the third part, developed analytical method in 
Chapter II was applied to measure PAEs in sediment samples collected at Jiulongjiang 
estuary. The distribution and geochemical characteristics of Jiulongjiang estuary were 
described with obtained analytical results. The last Chapter is the conclusion of this 
work. The prospects for further investigate of this study were also proposed in this 
section. 
 
This thesis is aimed to develop an appropriate procedure to accurately detect 
16-PAEs in marine sediment. After carefully investigation, the method was as 
following, ultrasonic extracted by dichloromethane with constant temperature at room 
temperature, purified by silica gel SPE column and eluted by 10mL ethyl acetate, and 
then qualitatively and quantitatively measured by GC-MS. The analytical 
performance of developed method was 0.011 μg·g
-1 
(DnOP) to 0.80 μg·g
-1 
(DIDP, 
DDcP) for limit of detection (LOD, 3S/N), 74.4% (DINP) and 118.1% (DUP) for 
standard added recoveries, and less than 10% for relative standard deviation (RSD, 
0.25 μg·g
-1
) with an exception of 17.8% for DMP. A good method which can be used 
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邻苯二甲酸酯（Phthalate，Phthalate esters，Phthaltes，Phthalic acid esters，































图 1-1 PAEs 的结构通式 
Fig. 1-1 General structure of PAEs 
 
其中，R1 和 R2 分别代表不同的或者相同的烷基或芳基。例如，酞酸二丁酯
的 1 2 2 2 2 3R R CH CH CH CH      ，酞酸苄基丁基酯的 1 2 6 5R CH C H   ，
2 2 2 2 3R CH CH CH CH     。邻苯二甲酸酯间的差异在于烷基链的长度不同，








































及其在水中出现的概率等因素，从 7 万多种有毒化学品中筛选出 65 类，129 种









1999 年 4 月美国人类生殖危险评估中心（CERHR）根据 PAEs 产量、接触
人群的密切程度（特别是通过塑料玩具与儿童接触的密切程度）、以及发育和生
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表 1-1 与人类健康密切相关的 7 种 PAEs 
Table 1-1 7 PAEs closely related to human health 





BBP 邻苯二甲酸苄基丁基酯 聚乙烯瓷砖、食品传送带、人造革 类雌激素活性[15]、生殖
毒性[16] 














1997 年世界野生动物基金会（Word wildlife fund，WWF）列出的 68 种（见
附录 3）环境激素类物质中包括 8 种 PAEs[22]：BBP、DCHP、DEP、DHP、DPP、
DBP、DAP 和 DEHP。 
日本将 DBP、DnOP、DEHP、DiBP、邻苯二甲酸二异庚酯（Diisoheptyl 
phthalate，DIHP）和 DIDP 6 种 PAEs 列入重点环境调查物质名单中[10]。联邦德
国公布的水中 120 种有害物质名单中包括 2 种 PAEs：DEP 和间苯二甲酸二烯丙
基酯（Diallyl phthalate，DAIP）[23]。 
我国[24]将 DEP、DBP 和 DnOP 列为中国环境优先控制污染物“黑名单” （附





























表 1-2 全球增塑剂的使用情况 
Table 1-2 Usage of PAEs in the world 

















DnOP 2971 52.5 3537 51.6 3.5 
DINP/DIDP 1199 21.2 1644 24.0 6.5 
线型 C7~C11 和 C6~C12 200 3.5 230 3.4 2.8 
其他邻苯二甲酸酯类 621 11.0 671 9.8 1.6 
    邻苯二甲酸酯类合计 4991 88.2 6082 88.8 4.0 
  其他* 667 11.8 779 11.2 3.2 
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